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The title of the invention has been amended (Guidelines tor Examination in the EPO, A-lll, 7.3). 
@ Electrochemical sensor with red blood cell exclusion layer. 



© An electrochemical sensor is provided for use with whole 
blood in order to effect an electrochemical measurement. The 
sensor has a an exclusion layer excluding at least red blood 
cells from contact with sensor electrodes of the sensor. 
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Description 



IMPROVED MEMBRANE CONFIGURATIONS 



BACKGROUND OF THE INVENTION 

^ presert invention relates to improve I man- 5 
brane configurations for use in f^™ hemical 
sensors intended for use with whole blood. 

Etectrochemical sensors, especially amperome- 
, ri c Sctrochemica. sensors of the kind descnbed 
. ™lL in EP 127958, when contacted with 10 
Sood can o'etect very specific^ one or more 
aSes present in the blood. Such sensors are 
3 on enzyme and/or mediator systems, and can 
ESSE detect, for example. 15 

druos In a typical mode of use. the system is set 
i d so thai thesis a response a, the = metnc 
electrochemical sensor Which is dependent on the 

££ complex solution, small sc* |-Jj 
debris and living cellular components. It s thererore 
sometimes difficult to achieve reproducible results 
when using whole blood samples. 

fn ordefto effect an electrochemical measurement. 
T^e elec rochemlca. sensor has at least one exdu- 
Jontye excluding at least red blood celte *m 
contact with the sensing electrodes of the ^ 35 

We have realised that an improved system for the 
testma of whole blood enables a sensor to be 

electrodes to record (either in a usable "MP"™ 
or more permanently) ^^^J^Z 
continuing level of the ^e m the blood^ the 

^In^gS* themseIves . and speclfl- 
caly the surface of the red blood cells or 
substances contained Within them, may inter- 
fere with the electrochemical reaction. 
2Redbloodcells.whicharecomplexentit.es 

readily capable of agglutinating and coating, 
may bond ?o the conductive electrode surf aces 
whereby the surface is partially coated and 
Wocked off from its surroundings and measure- 55 

m ?Di«usSn d coefficients for substances in 
serum are normally higher than in whole blood, 
giving higher measurement currents and poten- 
tolly more accurate testing with a steeper 60 
calibration curve. 



PREFERRED EMBODIMENTS 

The electrochemical sensor is prefe rably one 
which involves amperometric MM jjdh 
nreferablv a strip sensor, especially a throw away 
dry S sensor. Accordingly the sensor electrodes 
XXly comprise electrode areas formed for 
screen pHntJg or ofoersugb hjdj 

|3is in the name of ^tS& 
merty Genetics International Inc). and these texts 
are incorporated herein. „. , =n „ „.„_ 

The sensor electrodes include a reference etoc 
troda (for example a silver, silver chlonde electrode) 

detecting glucose, using for instance glucose oxi- 
aa£and a suitable mediator substance such as a 
or for detecting other substances, such 
as choles erol. paracetamol, salicylate, etc). 

As will be described below In more detailed^ 
exampTes of the exclusion layer include a thin sohd 
ayT Lble or otherwise, or a riMM 
aver especially with intercommunicating voids 
evenlf general.; "fibrous or similarly dlsconhnuous in 

%reter& aS the exclu.cn layer Is such as to 
exclude many live cellular components and most 
oSerably it excludes cellular debris and lite solid 
^Sowing onty dlssofced or colloidal maten- 

a \l P etrnJ7carrying out the present invention, 
thiro is proved an electrochemical sensor having 
Ena& 

an exclusion layer in the form of a membrane wmcn 

"SS ££S> motion involves the use of a 
JZSESfi. such as to transm* serum to *e 
cpn - or electrodes but which has sufficiently small 
5 eTto Se red biood cel., Su* a membra 
typically consists of a synthetic polymeric matenal.lt 

track etched membrane is preferred. 
AphSe-inversionmicroporousmembranec^ 

h rafteMSg P the sclent PO^n^te 
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(being a laminate in a general sense to include 
layered or stratified structures not necessarily 
prepared by a step of lamination) with an exclusion 
membrane and a layer of material containing inter- 
communicating voids. The membrane serves to 5 
exclude red blood cells. In the laminate structure, 
the sequence of layers can be membrane-voids 
material-electrodes, or voids materiaJ-membrane- 
electrodes. 

In one version, this invention thus provides a w 
laminate structure in which a membrane excluding 
red blood cells is laminated upon or cast upon or 
layered over a layer of material containing intercom- 
municating voids, which material is itself layered on 
the sensor electrode surfaces. The material with the 15 
intercommunicating voids can for example be a 
fibrous, spongy or woven material. In effect, this 
aspect of the invention provides a reservoir of serum 
occupying the communicating voids of the material 
and available at the electrode surfaces. The test 20 
substance effectively diffuses through serum and 
not through the whole blood, as a consequence of 
which higher detection currents are achieved. 

Capillary action exerted by the materiaJ with these 
continuous voids may also assist in drawing serum 25 
through the membrane to leave the red blood cells 
on the further side. Possible materials for use in this 
embodiment include synthetic polymeric foams with 
intercommunicating ceils, whether of a rigid or 
resilient nature, pads of fibrous material, especially 30 
material with inert fibers such as glass fibers, or 
woven inert material made e.g. from glass or 
synthetic polymer. 

In an alternative version, the layer of materiaJ 
containing inrercommunicating voids is layered or 35 
laminated on the membrane excluding red blood 
cells, which membrane is itself cast, laminated or 
layered on the electrode surfaces. In this construc- 
tion, the voids material acts as a pre-filter and slows 
down the progress of red blood cells sufficiently to 40 
prevent blocking of the membrane pores. In this way 
there is sufficient time for adequate serum to 
permeate through the membrane. 

In a third aspect of the invention the surface of the 
sensor electrodes is covered with a material serving 45 
as the exclusion layer but having interconnecting 
voids of a size suitable to delay arrival of at least red 
blood cells to the . active surface or reference 
surface. 

The actual materials Which may be used can 50 
resemble those used in the second embodiment as 
discussed above. The mode of action of this 
embodiment is not to exclude the red blood cells 
permanently, but to ensure that there is a period 
available for measurement at which the only material 55 
seen by the electrode surface is effectively serum. 
Thus, in practice, there would be an initial response 
of a relatively high current for detection, represent- 
ing the serum concentration, and a lower eventual 
response as red blood cells find their way through 60 
the intercommunicating voids to the electrode 
surface. 



SPECIFIC EMBODIMENTS 

The invention will be further described first with 
reference to Figures 1 to 3 of the accompanying 
drawings, in which: 

Figure 1 shows in diagrammatic cross-sec- 
tion a first embodiment of the invention ; 

Figure 2 shows in similar section a second 
embodiment; and 

Figure 3 shows in similar section a third 
embodiment. 
Figure 1 shows an amperometric dry strip dispos- 
able sensor with an electrode surface 1 covered 
immediately with a membrane 2 of for example 
synthetic polymeric materiaJ, laminated or cast 
thereon as a sheet. A sample in the form of a drop of 
blood 3 is placed upon the membrane, but the 
membrane 2 is of such a nature that only the serum 
components of the blood sample can penetrate and 
reach the electrode surface. 

Such a configuration is used if red blood cell 
exclusion only is required, that is to say if the red 
blood cells contain or have on their surface 
substances which might interfere with the electro- 
chemical reaction. An increase in current over that 
observed when using the non-protected electrode is 
to be expected, because the test substance is still 
diffusing from the whole blood through the mem- 
brane to the electrode surface. 

Figure 2 shows a second embodiment of the 
Invention. The same reference numerals as used in 
Figure 1, except that an additional layer 4 is provided 
of a fibrous or cellular material containing intercom- 
municating voids, which can fill and intercommuni- 
cate to provide an actual serum reservoir between 
the membrane and the electrode surface. 

This configuration of Figure 2 not only acts as a 
barrier to red blood cells, but increases the 
detection signal because of the existence of an 
actual body of serum and because of the different 
diffusion coefficient through that serum. 

Figure 3 shows a modified embodiment in which 
the continuous polymeric membrane is absent. 
However, the filter element 4 is of such a nature as to 
provided, at least temporarily, the function of an 
exclusion layer. Although red blood cells can 
eventually penetrate this type of layer, they traverse 
it considerably more slowly than the serum and the 
dissolved components so that at least for an initial 
period the electrode surface sees only serum and 
can take measurements accordingly. Such a con- 
figuration would be useful when an increase in signal 
is required, but when it is not essential for other 
reasons to exclude all red blood cells. 

Further variations are possible. For instance, 
considering the embodiment of Figure 2, the 
positions of the membrane 2 and layer 4 can be 
inverted giving a laminate where the layer 4 acts a 
pre-filter for the membrane 2, and prevents clogging 
of the membrane surface. 

The present invention is further illustrated by the 
following Examples, in which reference is made to 
Figures 4 and 5 of the accompanying drawings, in 
which: 

Figure 4 is a plot of current against paraceta- 
mol concentration for a paracetamol sensor of 
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this invention, and . 

Figure 5 is a plot of current agamd gfocose 
concentration for a glucose sensor of this 
invention. 

^Srines Were placed 

of whole blood was placed on the membranes. Aner 

quantity of serum which had passeo xnrouy 

surface due to production characteristics. The sick® 
SSThmi different filtration propert.es. and this 

^ aTestfw^establlshed that Nuclepore 
suitable results. 

^UnTle Nuclepore polycarbonate 0.8um mem- 
Nuclepore P300 filled prefilter. 



<5 S?2el separation is taking p.ace. 

Control Sensors (Whole Blood 25 g 
slope = 6.15598 intercept = 25.06888 

20 control Sensors (serum 25 nl) slope = 18.408 in- 
tercept = 32.454 

Sensors 0.8 urn Membrane/Prefilter (Whole Blood 
Figure 5.) 

Sensors 1.0 um Membrane/Prefilter (Whole Blood 
30 12.953 intercept - 33.730 



0.1 um Micron Separations Inc Nylon Mem- 
S e um Micron Separations Inc Ny.on Mem- 
Schleicher 8, Schuell ME28 Cellutosic 
Schleicher &; Schuell ST69 Cellulosio 
K Schleicher &: Schuell ST68 Cellulosio 
SHS, Schleicher &; Schuell ST27 Cellulosio 
S£S. Schleicher 8, Schuell ME29 Cellulosio 
S!5.- Schleicher * Schuell BA90 Cellulosio 
S% Millipore SMWP 04700 Cellulosio Es- 
S'um Millipore SCWP 04700 Cellulosio Es- 
ters 



35 SSdS ^ 

^he following results show that serum separation 

above 10mM cholesterol). 
ResutteJoJOm^^ 25 0 Whole Blood 
Control Sensors 
45 slope - 0.924 Intercept = 4.632 

25 yd Serum (Serum optimized Sensors) 
slope - 2.615 intercept = 14.584 

SO 25 pi Blood (Serum optimized Sensors + mem- 
brane/prefilter) 

slope = 2.127 intercept « 8.463 



^TtelSal whole blood response of paracetamol 55 

™2 ^ bSe Nuclepore membrane and prefilter 
serum separation. 



Claims 



1 An electrochemical sensor for contact with 
whole blood in order to effect an 
cal measurement, which has an exclusion layer 
excLing at least red blood cells from contact 
with sensor electrodes of the sensor 

2. The sensor of claim. 1. which is a 
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disposable strip sensor for amperometric de- 
tection of an analyte. 

3. The sensor of claim 1, wherein said 
exclusion layer includes a membrane selected 

from the group consisting of a phase-inversion 5 
microporous membrane and a track etched 
membrane. 

4. The sensor of claim 1, which has a 
multilayer construction comprising said exclu- 
sion layer and a layer of material containing 10 
intercommunicating voids. 

5. The sensor of claim 4, in which the 
sequence of layers is membrane-voids material- 
electrodes. 

6. The sensor of claim 4, in which the 15 
sequence of layers is voids material-membrane- 
electrodes. 

7. An amperometric throw-away strip sensor 
comprising a laminate structure in which a 
membrane excluding red blood cells is lami- 20 
nated upon or cast upon or layered over a layer 

of material containing intercommunicating 
voids, which material is itself layered on an area 
of sensor electrodes. 

8. An amperometric throw-away strip sensor 25 
comprising a laminate structure in which a layer 

of material containing intercommunicating 
voids is layered or laminated on a membrane 
excluding red blood cells, which membrane is 
itself cast, laminated or layered on an area of 30 
sensor electrodes. 

9. An amperometric throw-away strip sensor 
in which an area of sensor electrodes is 
covered with a material serving as an exclusion 
layer and having interconnecting voids of a size 35 
suitable to delay arrival of at least red blood 

cells to the sensor electrodes. 
10. In an amperometric method for detection 
of an analyte in whole blood using a dry strip 
sensor electrode system, the improvement 40 
which consists of using an exclusion layer to 
exclude red blood cells from contact with the 
sensor electrodes. 
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